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Abstract

Dyes are one of the most important industrial environmental pollutants, and therefore their

removal from industrial wastewater is very important. The malachite green is a very toxic dye
for the environment and humans, therefore an economical and high-efficiency method to
remove this dye from water solutions is necessary. In this study, the removal of malachite green
was investigated using a economical and effective adsorbent, in which activated carbon from
date kernel was used. Activated carbon from date kernel was modified by Fe;O, magnetic
nanoparticles and calcium oxide. The properties and characteristics of these adsorbents were
investigated using FTIR, VSM, TGA, XRD and SEM analyzes. Parameters affecting the
adsorption process such as pH, adsorbent dosage, contact time and initial concentration of
malachite green were optimized. Equilibrium and kinetic study of adsorption process was
performed using common models. The results showed optimal conditions for adsorption of
malachite green using the adsorbent are: initial concentration equal to 10 mg/l, pH=7, contact
time equal to 20 minutes, adsorbent dose for AC, AC/Fe;0,4 and AC/Fe;04/CaO equal to 3, 3
and 2 g/l, respectively. The Freundlich model also has a higher ability to describe process
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equilibrium behavior and the pseudo-second-order kinetics model has a good ability to express
reaction kinetics. The Langmuir adsorption capacity of malachite green by the AC, AC/Fe;0,
and AC/Fe;0,/Ca0O was determined to be 50.9 mg/g, 85.7 mg/g and 107.4 mg/g respectively.
The desorption and reuse ability of AC/Fe;0,/CaO was investigated up to 8 steps, which
showed that the adsorbent has the ability to be reused several times in the adsorption process.
The results showed that modification of activated carbon with magnetic Fe;O4 nanoparticles and
calcium oxide increases its adsorption efficiency and makes it a suitable adsorbent for
commercialization.

Keywords: Activated Carbon, Fe;0,, Calcium Oxide, Adsorption, Malachite Green.
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Table 1. Isotherm models and parameters

Models Parameters AC AC/ Fe;0,4 AC/ Fe;04/Ca0O
Langmuir Jm(mg/g) 50.9 85.7 107.4
4.k C ke (L/mg) 0.073 0.041 0.137

Qe =" 0.739- 0.666- 0.564- 0.971
1+k,C,
0.998 0.998
_ 0.963 0.987 0.997
Clr kG RMSE 1.785 1.17 0.989
Freundlich 1.241 1.298 1.381
| k¢ (mg/g).(L/mg)"™  3.343 4.168 13.63
q :kaA 2

¢ ¢ 0.993 0.995 0.999
RMSE 0.868 0.719 0.584
Dubinin—Radushkevich (D-R) E (KJ/mol) 0.364 0.476 0.993
Qm (Mmg/g) 28.18 27.24 45.41
1, = A o (‘ pRT '“(' * (%D’] Bx10"(mol*/1?) 3.769 221 0.5068
_ 1 : 0.851 0.839 0.908
V2B RMSE 3.938 4182 5.134
Temkin 7.469 7.856 12.99
Ar(L/g) 1.604 1.78 3.99
q. =BIn(A,C,) 0.839 0.865 0.889
RMSE 4.084 3.829 5.639
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Table 2. Comparison of adsorption capacity, adsorbents used to adsorb malachite green dye

Adsorbent Condition of experiment Adsorption capacity (mg/g) Ref.
Concentration (100 to 400 mg/L) 149
298 °K
Activated carbon Concentratlog f;(l(l)(to 400 mg/L) 200 (Onal et al., 2007)
Concentration (100 to 400 mg/L) 200
323 °K
Concentration (10 to 100 mg/L) 12.16
298 °K ’
Concentration (10 to 100 mg/L) 15.49
Rice husk treated 303 °K
with NaOH Concentration (10 to 100 mg/L) 17.76 (Chowdhury et al., 2011)
308 °K
Concentration (10 to 100 mg/L) 17.98
313 °K
Coconut- Concentration (1 to 65 mg/L) 83.06
Activated carbon 25C
Coal- Activated Concentration (1 to 65 mg/L) 74.91
carbon 25 C
Apricot- Concentration (1 to 65 mg/L) 69.59 (Quetal., 2019)
Activated carbon 25C
Peach- Activated Concentration (1 to 65 mg/L) 69.93
carbon 25C
Chitosan beads Concentration (5 to 20 mg/L) 8.07
with1-butyl-3- 25 °C
methylimidazoliu
m acetate
Chitosan beads Concentration (5 to 20 mg/L) 0.24 (NemEEEn e, AUL)
with1-butyl-3- 25C
methylimidazoliu
m chloride
AC Concentration (10 to 100 mg/L) 50.9
25 °C
AC/Fe;04 Concentrat10r21 5(10()C to 100 mg/L) 85.7 This study
AC/Fe;04/Ca0O Concentration (10 to 100 mg/L) 107.4
25 °C

i o AL T Jbra Sl 5 StV 15
s ol plas A S s ol 5l Jols 25 s il
s il ol ol I3 L S s ol s o
5l S 3L ol elizal U s VU 1355 o
aile il Jalgs 51 30 Wl e ool 2alS ol o
] 313855 g5 po o sts Jleb sy le pas o

.(Huang and Liu, 2013).:b w3 Ck.u sl g
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Table 3. Kinetic models and parameters
Kinetic model Parameters AC AC/ Fe;04 AC/ Fe;04/Ca0O
Je. ca(mg/g) 3.121 3.181 4.883
Pseudo-first- k,(1/min) 0.355 0.650 0.742
order
q,=q.0 —e MY R? 0.549 0.449 0.678
RMSE 0.138 0.044 0.027
Pseudo-second-order Qe cal(mg/g) 3.19 3.216 491
kz(ﬁt ky(g/mg.min) 0.311 1.06 1.311
6= 1+k,q,t R? 0.835 0.883 0.954
RMSE 0.084 0.020 0.010
h=k,q’ h(mg/g.min) 3.165 10.963 31.606
Je.exp(Mg/g) 3.192 3.219 4.900
5 - 3.24 1
a) b) ° ° d e
4.9 - ° ° - . 3.2 A °
3.16 A
= 4.8 @
E" é‘) 324 [fe
= 4.7 1 -
s i < 3.08
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Fig. 7. Graphs of kinetic for a) AC, b) AC/Fe;04, ¢) AC/Fe;0,/CaO
AC/ Fe;0,4/Ca0 (¢ 3 AC/ Fe;04 (b AC (a glacosls (S slajls ai -V K3
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